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Abstract 
The 2007 Fourth Assessment Report published by the Intergovernmental Panel on Climate Change estimates that 145 million 
people will be permanently displaced from their homes in the next 90 years due to man-made climate change.  This number is 
more than three times the number of people displaced today by wars, famine and natural disasters and yet little is being done 
within the humanitarian aid regime to create strategies for feeding and sheltering this destabilizing human tidal wave.  This paper 
explores some historic context, root causes and potential strategies for a revised approach to traumatic urbanization. 
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1. Introduction 
The 2007 Fourth Assessment Report published by the Intergovernmental Panel on Climate Change (IPCC) 
estimates that 145 million people will be permanently displaced from their homes in the next 90 years due to man-
made climate change [13].  This number is more than three times the number of people displaced today by wars, 
famine and natural disasters and is expected to rise when the 2013 IPCC report is issued [18].  The global economic, 
social and political disruption that will result from enormous population shifts is incalculable.  And yet little is being 
done within the humanitarian aid regime to create strategies for feeding and sheltering this destabilizing human tidal 
wave. 
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Perhaps it is the sheer scale of this immanent humanitarian crisis that limits our ability to conceive of more 
appropriate responses.  After all, how can one imagine constructing the shelter, water, food, sanitation, energy, 
education, security and healthcare infrastructures needed to support a displaced population equal to the population of 
Boston?  Imagining the scale of this undertaking becomes even more daunting when one realizes that this imagined 
new city is on the far side of the globe and that the equivalent of more than 200 “Bostons” will be needed [15]. 
Fig. 1. Ariel photograph of traumatic urbanization in Port au Prince, Haiti following the 12 January 2010 earthquake. (Photo by Author.) 
Another constraint on our ability to conceive of the scale of this crisis stems from the common misconception 
that impacts will be slow and incremental.  We in the Global North discuss the impact of climate change in terms of 
gradually rising seas or slowly infiltrating deserts; we do not see the immediacy of the crisis.   We allow ourselves to 
think that people will have time to consider their options and make intentional moves out of harm’s way.  We 
hopefully resign the responsibility of reversing climate change to advances in science and engineering.  The reality, 
of course, is that catastrophic climate events, as seen during the recent typhoon in the Philippines, displace countless 
thousands overnight.  Rather than finding solace and security in the homes of extended families living in urban 
centers- the preferred and naive approach to sheltering the displaced in the humanitarian aid regime– huge 
populations will find themselves struggling to survive in areas destroyed by cyclones, fires or flooding.  
2. History 
For the last hundred years or so, the most visible humanitarian response to mass migration in the aftermath of 
catastrophes has been the establishment of “refugee camps.”  Characterized by long rows of tents, this strategy has 
its origins the Roman Republican Army’s desire to systematically organize its legions on the battlefield [14].  For 
the Romans, the gridded plan ensured that their armies would be organized in a way that could be replicated at the 
end of each day’s march from one end of the empire to the other.  The daily replication of the camp plan allowed 
each individual soldier to know precisely where their commanding officer was and who among their regiment was 
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missing at the end of a day’s campaign. Polybius explicitly compares the “superior”, uniform Roman plan strategy 
to the Greek strategy of making camp wherever and however convenient, most often resulting in unorganized 
clusters spread below “beautiful glades of trees” [14].  Machiavelli’s use of The Histories by Polybius in the 16th C. 
led to the continued use of gridded army camps in Europe through the end of the 19th C and beyond [9].  By the 
beginning of World War I, abandoned military camps (left behind as battlefronts moved) were co-opted by 
humanitarian relief organizations to shelter families displaced by the war [17].  As the humanitarian relief regime 
expanded its mandate to address shelter needs in non-military relief situations, the military camp model was 
uncritically adopted to organize displace people throughout the world. 
Figure 2: Typical post-Machiavelli diagram showing a Roman Military Camp Plan as described by Polybius.  This image is from Lipsius, Justus, 
1547-1606, De militia romana, libre qvinqve; commentarivs ad Polybivm, printed in 1614. 
(Library of Congress Special Collections. Photograph by author) 
3. Challenges in Contemporary Traumatic Urbanization 
3.1. Psychosocial Challenges 
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Not only does the grid form of a military camp create a panopticon-like opportunity to control occupants, the 
organization itself is alienating.  Already destabilized, civilians face significant psychosocial challenges in the face 
of their new living arrangements [22]. The adoption of a military organizational model has resulted in a range of 
additional issues for those living in the camps including a devaluation of basic human rights [1], dramatic increase 
in violence (especially against women and children) [8], increased levels of disease [19], disruptions in childhood 
education [3], as well as dramatic environmental damage [21].  
Despite the astounding number of people currently housed in Refugee Camps (more than 5.8 million by some 
estimates [17],) and the inevitable and dramatic increase in that number due to man-made climate change, little is 
being done today to improve the global response to traumatic urbanization, even though most experts now agree that 
these provisional military cities are a poor response for housing civilians in light of universal human rights.  
 
 
Fig. 3. Syrian refugee camp under construction 30 km East of Kilis, Turkey, March 2013.  Prefabricated shelters with running water, sanitation 
and electricity surrounded by a 4m high concrete wall. (Photograph by author) 
Recent events in Syria, for example, illustrate that even when a massive financial commitment to sheltering 
refugees is made, the urban design solutions underscore the military metaphysic of contemporary humanitarian aid 
efforts [10].  Cities for thousands of refugees, complete with water, sanitation and power infrastructures, are being 
constructed in Turkey, but their conception is more akin to a prison fortress designed to hold potentially dangerous 
foreigners than it is a place designed to humanely support a traumatized community fleeing unthinkable horror. 
3.2. Engineering Challenges: Gravity 
The basic plan design of camps for displaced people has remained essentially unchanged since the conception of 
humanitarian relief shelters.  Among the many problems that contemporary displacement camps present, the 
persistent and overriding desire to create gridded, “orderly” camps undermines any possibility of effectively using 
landscape for the benefit of displaced people.  Setting aside the obvious psychological, sociological and political 
absurdity of housing displaced families in a camp designed for soldiers 2300 years ago, from an engineering 
perspective, by creating a tabula rasa, a clean slate, upon which an “ideal” plan can be placed, humanitarian aid 
organizations risk falling into at least one of two traps.  The first is that topography will be ignored; the second is 
that the topography will be erased. 
 When topography is ignored, when a gridded plan is layered over the terrain without consideration of gravity, 
opportunities are lost and challenges are created.  The first challenge is that site drainage is hampered; inevitable 
problems arise as rainwater, seeking the most direct route downhill, effects the fabric of roads and tents in 
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unanticipated ways and results in any number of small but critical mitigating efforts that can, over time, require 
significant upkeep.  A second challenge is that, as with rainfall runoff, waste will follow a path that is often 
unpredictable and can yield a pathogenic trail in unwanted areas. 
 
 
Fig. 4. Displacement camp built on near level field near Port au Prince, Haiti.  This is the area where the first cases of cholera in Haiti were 
reported following the 2010 earthquake. (Photograph by author) 
The lack of control and design of waste within the plan design is the flip-side of an opportunity lost. The 
systematic distribution of water and evacuation of waste is severely limited in designs that are rigid in their plan 
geometry and fail to respond to changes in elevation of the site.  Greater coordination between the plan and section 
of the design would allow for a systematic approach to water and waste distribution that would free camp 
inhabitants from the time consuming chore of water collection and (potentially) limit the disease vector. 
When topography is erased, many of the same issues that hamper rational, advantageous distribution systems for 
water and waste persist.  However, as seen in many areas, especially post-earthquake Haiti, the erasure of existing 
topography driven by the (over-) valuing of a near featureless ground plane (see Figure 1) has additional, unintended 
consequences.  Most important among these is the accidental and irreversible damage caused to food security when 
the scarce arable areas with ruble (see Figure 5-10). 
 
 
Fig. 5. Typical camp plan design using grid layout, uniform tents and distributed infrastructure that doesn’t respond to gravity. (From Davis, J 
and Lambert, R (2002) Engineering in Emergencies, Warwickshire, UK: Immediate Technology Publications Ltd.) 
193 Matthew Jelacic /  Procedia Engineering  78 ( 2014 )  188 – 199 
 
 
 
Fig. 6. Cross section through a typical valley in Haiti. (Drawings by author.) 
 
 
Fig. 7. Extensive deforestation has exposed the topsoil. 
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Fig.8. Seasonal rains create dramatic and permanent erosion of the topsoil. The land of Haiti’s valley floors accounts for a large percentage of the 
potential arable land within the country. Preserving arable land, and avoiding flood waters, many homes were built on steep slopes that are typical 
in Haiti. 
 
 
Fig.9. Immediately following the 2010 earthquake, aftershocks made hillside areas unsafe due to falling debris and the collapse of already 
weakened structures 
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Fig. 10. Emergency crews immediately began moving debris to low-lying areas. 
As the scale and scope of destruction became clear in the aftermath, the decision was made to use compacted debris to 
create tabula rasa areas on valley floors. 
 
 
Fig. 11. The tabula rasa sites allowed typical refugee camp plans to be created with little effort. 
These camps destroyed the underlying arable land and remain in place 4 years later. 
196   Matthew Jelacic /  Procedia Engineering  78 ( 2014 )  188 – 199 
 
3.3. Realpolitik 
One reason that refugee camps continue to be built is that they are conceived as a “temporary solution.”  
Conventional wisdom dictates that host nations, loath to permanently welcome an influx of ‘foreigners’, make 
available only the least valuable land with the fewest resources.  Their hope, it is said, is to encourage people to 
return home by making the refugees’ stay uncomfortable.  National governments, with the support of the 
international community, work to reconstruct their citizen’s homes after a natural disaster, but of course some 
internally displaced people are functionally refugees fleeing internal strife.  The reality is, however, that no matter 
what the theoretical deterrents are to staying in a refugee camp, places like Dadaab in Kenya continue to grow.  
Created 20 years ago to shelter 90,000 refugees fleeing Somalia, today it hosts more than 380,000 refugees and IDPs 
from all over the Horn of Africa [4,5].  The humanitarian aid regime, shielded by the realpolitik of international 
diplomacy and national sovereignty, is able to focus on stop-gap solutions despite on-the-ground realities including 
interminable tenures and incalculable expenses as seen in Dadaab and elsewhere. 
 
Fig. 12. Carrefour, Haiti, 2010.  Ad hoc shelters created on the grounds of a private estate, which can be seen in the background.  
(Photograph by author) 
Of course, without any assistance, displaced people usually suffer a worse fate. Following the 2010 earthquake in 
Haiti, many houses were badly damaged and were unsafe to live in but residents were unwilling to abandon their 
homes because they still contained personal belongings and because the residents did not have secure land tenure 
and feared that if they left they might not be able to return.  In the Carrefour neighborhood of Port au Prince, a large, 
private estate was annexed by the very poor local community following the earthquake.  Although the location 
allowed them to return to their homes during the day to secure their personal possessions (and sometimes cook 
meals), no one felt safe staying in the homes for any extended time. Their adjacent ad hoc encampment was erected 
on a steep, muddy slope.  Small footpaths allowed people to move between the crude shelters none of which was 
larger than the sheet or shower curtain from which it was made.  There was neither water nor sanitation. 
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3.4. Environmental Challenges 
Further complicating the idea that a refugee camp can be a “temporary solution” is that mass migration by itself 
is a significant environmental problem [21].  Every time a population must flee a hazardous environment, they 
invariably create stress on the environment they move through and to and this in turn amplifies man-made climate 
change; climate induced mass-migration perpetuates climate change [11].  
 
Figure 13. Climate change displacement as self-perpetuating phenomena. (Diagram by author.) 
3.5. Inclusive Design and Community Design Challenges 
For the last century, when thinking of traumatic urbanization, the top-down approach has resulted in militarized 
city plans characterized by grids of streets and built in disregard to the existing environment.  Likewise, although 
traumatically displaced populations share a great deal in common with other ‘bottom of the pyramid’ populations in 
terms of overall need and human rights concerns, evidence suggests that Human Centered Design, or other inclusive 
design practices remain mostly ineffective even in relatively stable communities [10, 12, 2]. 
4. Opportunities for Contemporary Traumatic Urbanization 
4.1. Muscular Planning 
The need for immediate responses in an emergency eliminates most opportunities for either comprehensive 
planning or significant community engagement.  The complex environmental, social and political realities of climate 
change displacement, not to mention the scale and urgency of our climate crises and the fact that climate change 
displacement will disproportionately affect the world’s poorest people, underscore the need for a new and integrated 
approach to traumatic urbanization.  Emerging within the international development community is an idea that a 
“strong state planning” approach combined with a “market-enabling framework” could overcome some recent 
challenges in poor communities.  This so-called “muscular planning” concept suggests clear approaches for creating 
inclusive and sustainable urban development such as more inclusive infrastructure planning, a more comprehensive 
national, urban and regional plan, a more “proactive” view of growth and change, and “would produce explicit 
spatial plans for metropolitan areas” [2]. 
Although many displacement camps are located in remote or undesirable locations, the “muscular planning” 
framework may prove adaptable when considering new approaches to traumatic urbanization.  For example, rather 
than allowing sector specific non-governmental contractors (such as WASH or Shelter NGOs) to work 
independently, governing agencies could foster greater cooperation among humanitarian aid actors.  Given a 
mandate to cooperate, NGOs and contractors could work with community representatives to begin to innovate 
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approaches to camp design that break from today’s ubiquitous militarized compound.  Similarly, a “muscular 
planning” framework would empower local and regional planning agencies to create explicit spacial plans in 
anticipation of inevitable regional climate change displacement.  Finally, with long-range national and regional 
plans designed to promote inclusive and sustainable development goals in place, “backcasting” in the event of an 
emergency will ensure that the first steps taken following a crisis are in support of planned future development 
instead of avoiding long-term environmental, social and economic responsibility. 
5. Education 
Given the lasting environmental damage caused perpetual displacement and the inevitability of temporary, 
militarized civilian camps becoming permanent as land and material resources disappear due to man-made climate 
change, we in the Environmental Design and Engineering community must begin to address this social and political 
reality of our planet’s future.  In particular, Environmental Design curricula have tended of late to focus on either 
Smart Growth or New Urbanist solutions, emphasizing top-down formal planning developments that attempt to 
resolve complex and competing social and environmental concerns, or to focus on bottom-up organic planning 
developments that celebrate inclusionary strategies that empower multiple stakeholders.  As seen above, for the last 
century, when thinking of traumatic urbanization, the top-down approach has resulted in militarized city plans 
characterized by grids of streets and built in disregard to the existing environment. 
 
Figure 14. Climate change displacement as self-perpetuating phenomena showing possible transdisciplinary design opportunities. 
(Diagram by author.) 
 
6. Conclusion 
While this paper has focused on the need to reconsider the planning strategies employed in crisis situations, it 
must be noted that man-made climate change will affect other design and development issues as well.  Among the 
most pressing issues are the regional disruption of traditional organic building materials (e.g.: deforestation caused 
by desertification), and the obscene problem of creating so-called “temporary shelters” that address the standards of 
appropriate humanitarian aid.  Environmental designers consistently propose outlandish shelters, completely 
disregarding the SPHERE standards (SPHERE, 2011), appropriate technologies, and adaptability to uneven terrain.  
199 Matthew Jelacic /  Procedia Engineering  78 ( 2014 )  188 – 199 
 
Most significantly, we must work with communities to develop flexible approaches that accommodate various social 
and cultural ideas of family and home and that provide opportunities for displaced people to engage in the economic 
opportunities found in constructing shelters and growing food. 
Humane and durable strategies for sheltering at least some of the 200 million people that will be displaced in the 
age of man-made climate change should be (re)-considered in light of the historical record of past solutions.  Future 
developments must begin to anticipate adaptive strategies for food and water security, durable shelter, sanitation, 
energy, safety and education at a minimum and all of these concerns are hobbled when made to conform to the 
limits of decontextualized Roman military camps. 
 
References 
[1] Agier, M. (2008), Fernbach, D. (trans.) On the Margins of the World: The Refugee Experience Today, 
Cambridge, United Kingdom: Polity Press. 
[2] Belsky, E.S. (2013) ‘Planning for Inclusive and Sustainable Urban Development’, in Starke, L. (ed.) Worldwatch 
Institute State of the World 2012: Moving Toward Sustainable Prosperity, Washington, DC, USA: Island 
Press. 
[3] Crisp, J., Talbot, C., and Cipollone, D. (ed.) (2001) Learning for the Future: Refugee Education in Developing 
Countries, Geneva, CH: UNHCR. 
[4] Essa, A. (2010) Dadaab, The World’s Biggest Refugee Camp, [Online], Available: 
http://www.aljazeera.com/indepth/features/2011/07/201171182844876473.html 
[5] Horst, C. (2008) Transnational Nomads: How Somalis Cope With Refugee Life in Dadaab, 2nd edition, New 
York, NY, USA and Oxford, United Kingdom: Berghahn Books. 
[6] Hyndman, J. (2000) Managing Displacement: Refugees and the Politics of Humanitarianism, Minneapolis, MN, 
USA: University of Minnesota Press. 
[7] IDEO. (2011) Human Centered Design Toolkit, 2nd Edition, San Francisco, CA, USA: IDEO 
[8] Lischer, S. (2005) Dangerous Sanctuaries: Refugee Camps, Civil War, and the Dilemmas of Humanitarian Aid, 
Ithaca, NY, USA: Cornell University Press. 
[9] Machiavelli, N. (2003), Lynch, C. (trans.) The Art of War, Chicago, IL, USA: Chicago University Press. 
[10] Mills, C.W. (2000) The Power Elite, 2nd Edition, New York, NY, USA: Oxford University Press. 
[11] Morgan, S. (2010) Changing Planet: What is the Environmental Impact of Human Migration and Settlement?, 
New York, NY, USA: Crabtree Publishing Company. 
[12] Pal, A. (2006) ‘Scope for Bottom-Up Planning in Kolkata: Rhetoric vs. Reality’, Environment & Urbanization, 
vol.18, no.2, October, pp. 501-521. 
[13] Parry, M.L., Canziani, O.F., Palutikof, J.P., van der Linden, P.J. and Hanson, C.E. (ed.) (2007) Contribution of 
the Working Group II to the Fourth Assessment Report of the Intergovernmental Panel on Climate Change, 
Cambridge, United Kingdom and New York, NY, USA: Cambridge University Press. 
[14] Polybius (1923), Paton, W.R. (trans.) The Histories, Cambridge, MA, USA: Harvard University Press. 
[15] Potter, G. (2013) ‘Urbanizing the Developing World’, in Starke, L. (ed.) Worldwatch Institute Vital Signs, vol. 
20, Washington, DC, USA: Island Press. 
[16] Rykwert, J. (1988) The Idea of a Town, 2nd edition, Cambridge, MA, USA: MIT Press. 
[17] Schmidt, A. (2003) Camps Versus Settlements, [Online], Available: http://www.forcedmigration.org/research-
resources/expert-guides/camps-versus-settlements 
[18] ‘Sea Level Could Rise 3 Feet by 2100, Climate Panel Finds’, New York Times (20 Aug 2013), Page 1 
[19] Sinha, V. (2012) Refugee Camps Spread Life-Threatening Diseases, [Online], Available: 
http://reliefweb.int/report/world/refugee-camps-spread-life-threatening-diseases 
[20] SPHERE (2011) The SPHERE Handbook, [Online], Available: http://www.spherehandbook.org 
[21] UNHCR (2001) Refugees and the Environment, [Online], Available: http://www.unhcr.org/3b039f3c4.html 
[22] Williams, H.A. (1990) ‘Families in Refugee Camps’, Human Organization, vol. 49, no.2, pp. 100-109. 
